A practical procedure for the preparation of O-methyl substituted 3a,8-dialkyl-2-oxofuroindolines is described. Reductive lactonization of the corresponding oxindol-3-ylacetic acids provides a route for the formation of this class of compounds. Further transformation of 2-oxofuroindolines into 2-oxopyrrolidinoindolines, and then to pyrrolidinoindolines demonstrates their versatility as key intermediates in natural products synthesis. The results of single-crystal X-ray crystallographic analyses are given for five of the studied compounds.
Compounds bearing an O-methyl group on the oxindole moiety are found in a number of natural products which often display interesting biological and pharmacological activities. Representative examples include the anticancer pyrrolidinylspirooxindole alkaloids horsfiline [1] , isolated from Horsfieldia superba, and spirotryprostatin A [2], isolated from the fermentation broth of Aspergillus fumigatus, as well as the Gelsemium alkaloids humantenirine [3] , gelsemicine [4] , and gelegamines A-E [5] . In addition, 3,3-disubstituted oxindoles constitute attractive targets in pharmaceutical and fine chemistry because of their potential role as key intermediates in drug research [6] . Particularly, 3,3-disubstituted oxindoles are valuable functional handles for the synthesis of pyrrolidinoindoline structures, which are common among indole alkaloids [7] .
As part of our ongoing research into pyrrolidinoindoline alkaloids of chemical and pharmacological significance [8] , in this study we investigated the alkylation of methyl esters 9a and 9b of 2-(5-methoxy-2-oxo-3-indolyl) acetic acids 7a and 7b employing electron-rich alkylating agents [9] in order to provide a convenient approach to functionalized 2-oxofuroindolines 1a-c and 2-oxopyrrolidinoindolines 2a-c (Figure 1) . Compounds 2a-c were further reduced to known pyrrolidinoindolines 3a-c [8b].
Starting with 5-methoxyindol-3-ylacetonitrile 4a and its Nbenzylated derivative 4b, the corresponding 2-(5-methoxy-2-oxo-3indolyl)-and 2-(1-benzyl-5-methoxy-2-oxo-3-indolyl)acetic acids, 7a and 7b, were obtained through exploration of alternative reaction sequences, which include oxidation and hydrolysis (Scheme 1, and Table 1 ).
Thus, oxidation of 4a and 4b with DMSO/aqueous HCl at room temperature afforded 5a and 5b (entries 1 and 3). Oxidized products 5a and 5b were then hydrolyzed by treatment with aqueous KOH in refluxing MeOH, followed by acidic work-up to provide carboxylic acids 7a and 7b (entries 5 and 6). Nevertheless, it was observed that after 4 h of reaction in the manner defined above, 5a furnished a 6:1 mixture of 7a (59%) and quinolone 8a (10%). Besides, starting material 5a was recovered in 13% (entry 5). Prolonging the reaction time resulted in the formation of a higher amount of 8a (entry 7). The 1 H NMR spectra (CD 3 OD) of compounds 7a and 8a share structural features which seriously impede their recognition. Of particular interest was the observation that, in the case of 7a, the CH signal of the ABX system is exchangeable. The exact structure of the structural isomers 7a and 8a was confirmed by means of 1 H, 13 C heteronuclear couplings. Especially relevant was the splitting pattern of the CH 2 carbon, which appears as a triplet signal (δ = 36.1 ppm, J = 131 Hz) in the coupled 13 C spectrum of 7a-d 1 , while the CH 2 carbon in 8a is split into a doublet of doublet of doublets centered at δ 34.5 ppm, whose values were found to be 1 J C,H = 136 and 129 Hz, and 2 J C,H = 4 Hz, in agreement with a conformational restricted system ( Figure 2 ). We next examined the feasibility of preparing compounds 7a and 7b by initial hydrolysis of 4a and 4b, followed by oxidation (Scheme 1). Thus, alkaline hydrolysis of 4a and 4b under the same conditions described above furnished carboxylic acids 6a and 6b (entries 2 and 4, Table 1 ), which by subsequent oxidation with DMSO/aqueous HCl at room temperature for 2-3 h gave 7a and 7b (entries 8 and 9, Table 1 ). Formation of the quinolone product was detected in either case. In terms of achieving good yields, the hydrolysis and oxidation reaction sequence to transform 4a into 7a was more advantageous than the alternative pathway involving initial oxidation followed by hydrolysis, whereas the yield of 7b depends little on such reaction sequence. Reaction of 7a and 7b with a freshly prepared solution of diazomethane in diethylether furnished the corresponding oxindol-3-ylacetates 9a and 9b in good yields. The structures of 7a, 7b, 9a and 9b were consistent with NMR spectroscopic and mass spectrometric data and were confirmed for 7b and 9a by X-ray diffraction analysis ( Figure 3 , Table 2 in experimental). N-and/or C-alkylations of 9a and 9b were carried out using the appropriate electron-rich alkyl halides (1.1-2.5 equiv) in mild reaction conditions, using a phase-transfer reagent, and in expected convenient chemical yields (84-88%) to give 10a-c (Scheme 2). The yields reflect a combination of the stability of the intermediate carbonium ion arising by a simple S N 1-type nucleophilic substitution mechanism and the electron-donating substrate. The methyl 1,3-alkyloxindol-3-ylacetates 10a-c were then subjected to alkaline hydrolysis with 15% aqueous NaOH/MeOH, followed by acidic work-up to afford the corresponding carboxylic acids 11a-c in 73-88% yield.
The structures of 2-(1,3-dialkyl-2-oxo-3-indolyl)acetic acids 11a-c and their esters 10a-c were supported by analysis of the NMR and mass spectra, and confirmed for 11c by X-ray crystallographic analysis ( Figure 3 , Table 2 in experimental).
The preparation of novel 2-oxopyrrolidinoindolines 2a-c was achieved in two steps from the sodium salt of 2-(1,3-dialkyl-2-oxo-3-indolyl)acetic acids 11a-c by reductive cyclization with LiBHEt 3 to produce the corresponding 2-oxofuroindolines 1a-c, followed by treatment with methylamine in MeOH at room temperature in 55-65% global yield (Scheme 3). The structures of 2-oxofuroindolines 1a-c and 2-oxopyrrolidinoindolines 2a-c were supported by analysis of the NMR and mass spectra, and confirmed for 1b and 2b by X-ray crystallographic analysis ( Figure 4 , Table 2 in experimental). In conclusion, a simple route for the synthesis of functionalized and sterically encumbered 2-oxofuroindolines 1a-c and 2oxopyrrolidinoindolines 2a-c is reported, based on the alkylation of methyl oxindol-3-ylacetates 9a and 9b, followed by intramolecular cyclization. Compounds 2a-c can be further reduced to pyrrolidinoindolines 3a-c.
Experimental
General: All reagents were of commercial quality and obtained from Sigma-Aldrich (St. Louis, MO). Solvents were dried, where necessary, using standard procedures. Melting points (mp) were determined using a Fisher-Johns apparatus and are uncorrected. Thin-layer chromatography (TLC) was performed on precoated aluminum sheets (Merck TLC, silica gel 60 F254) with detection by UV light or with ceric ammonium sulfate in H 2 SO 4 , followed by heating. Flash chromatography was performed on silica gel 60 (230-400 mesh). IR spectra were obtained using a Perkin-Elmer 16 FPC FT spectrophotometer. NMR spectra were recorded on Mercury spectrometers working at 300 and 75.4 MHz for 1 H and 13 C, respectively; chemical shifts were measured in ppm (δ) relative to internal tetramethylsilane (TMS) and coupling constants (J) are in Hz. The spectral assignments were confirmed by standard procedures (gHMBC, gHSQC, NOESY). Signals, when declared, are expressed as s (singlet), d (doublet), t (triplet), m (multiplet), or br (broad). LRMS were recorded on a Varian Saturn 2000 spectrometer working at 70 eV. HRMS were recorded at the University of California, Riverside CA. Indoles 4a [13] , 4b [8b], 6a [11] , and 6b [12] , oxindoles 5a [8b], 5b [8b], and 7a [14] , as well as pyrrolidinoindolines 3a [8b], 3b [8b], and 3c [8b], are known and were synthesized using procedures described from this laboratory.
Typical hydrolysis procedure, method A: Preparation of (1-benzyl 5-methoxy-1H-indol-3-yl)acetic acid (6b):
A solution of (1-benzyl-5-methoxy-1H-indol-3-yl)acetonitrile (4b) (200 mg, 0.72 mmol) in MeOH (15 mL) was treated with 35% aq KOH (8 mL) and the resulting mixture stirred for 7 h at reflux under argon. The reaction mixture was cooled in an ice/water bath prior to quenching by the addition of 1 M HCl until pH ca. 1, followed by extraction with EtOAc (2 x 30 mL). The combined organic phases were washed with brine (2 x 20 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography (EtOAc) to give 6b as colorless crystals (158 mg, 74%). MP: 124-126°C (acetone-n-hexane). (Lit. [12] 122-123°C). 1 H NMR (300 MHz, CDCl 3 ). Although compound 6b is known, it is not yet spectroscopically fully characterized. Thus, NMR data follows: δ 10.49 (1H, very broad, OH), 7.29-7.19 (3H, m, H m , H p ), 7.10 (1H, d, J = 8.9 Hz, H7), 7.07 (2H, overlapped, H o ), 7.05 (1H, overlapped, H2), 7.04 (1H, d, partially overlapped, J = 2.5 Hz, H4), 6.82 (1H, dd, J = 8.9, 2.5 Hz, H6), 5.18 (2H, s, N-CH 2 ), 3.81 (3H, s, Me), 3.74 (2H, s, C-CH 2 ). 13 (8a) : Prepared by stirring (5-methoxy-2-oxo-2,3-dihydro-1H-indol-3-yl) acetonitrile (5a) (202 mg, 1.0 mmol) for 4 h, according to the typical hydrolysis procedure, method A. Upon workup, the crude product was evaporated under reduced pressure. 1 H NMR (AcODd 4 ) of the crude showed a mixture consisting of 5a, 7a, and 8a (1:6:1 ratio). Flash chromatography, eluted with n-hexane/acetone (4:1), gave 5a (26 mg, recovered); further elution with EtOAc/MeOH (9:1-7:3) afforded 7a (131 mg, 59%) and 8a (23 mg, 10%). For 7a MP: 181-182°C (acetone); slightly yellow needles. (Lit. [14] unreported). Rf: 0.37 (EtOAc/MeOH, 7:3). 1 H NMR (300 MHz, CD 3 OD). Although compound 7a is known [15] , it is not yet spectroscopically fully characterized. Thus, NMR data follows: 1448 Natural Product Communications Vol. 7 (11) 2012
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(1H, d, J = 8.5 Hz, H7), 4.96 and 4.87 (2H, AB, J = 15.7 Hz, N-CH 2 ), 3.88 (1H, ABX, J = 6.9, 6.1 Hz, H3), 3.74 (3H, s, Me), 3.12 and 2.96 (2H, ABX, J = 17.1, 6.9, 6.1 Hz, C-CH 2 ). 13 Preparation of (5-methoxy-2-oxo-2,3-dihydro-1H-indol-3-yl)acetic acid (7a) : To a solution of 6a (100 mg, 0.49 mmol) in DMSO (2.5 mL) was added dropwise and under stirring 37% aq HCl (2.5 mL). The resulting mixture was stirred at rt until TLC analysis showed complete loss of starting material. After completion (3 h), the resulting mixture was cooled to 5°C, diluted with water (15 mL) and extracted with EtOAc (5 x 50 mL). The combined organic layers were washed with brine (3 x 50 mL), dried, and concentrated under reduced pressure. The crude product was purified by flash chromatography (1:1 CH 2 Cl 2 /EtOAc) to give 7a as colorless crystals (87 mg, 81%). MP and spectroscopic data were consistent with those described above for the same compound prepared from oxindole 5a.
Typical esterification procedure: Preparation of methyl (5methoxy-2-oxo-2,3-dihydro-1H-indol-3-yl)acetate (9a):
To a solution of 7a (135 mg, 0.61 mmol) in a mixture of THF/diethylether/MeOH (1:1:1, 30 mL) was added an excess of freshly prepared ethereal solution of diazomethane [16] (20 mL, ca 13.6 mg CH 2 N 2 /mL, 6.5 mmol). The reaction mixture was stirred at rt for 20 min and evaporated at rt under atmospheric pressure with a stream of nitrogen, which was bubbled into a solution containing 5% acetic acid in ethanol. The crude product was purified by flash chromatography (3:2 n-hexane/EtOAc) to give 9a (128 mg, 89%). MP: 138-140°C (acetone/CH 2 Cl 2 ); colorless crystals. Rf: 0.29 (n-hexane/EtOAc, 1:1 
Typical alkylation procedure: Preparation of methyl 2-5methoxy-1,3-bis(3-methyl-2-buten-1-yl)-2-oxo-2,3-dihydro-1Hindol-3-ylacetate (10a):
To a solution of 9a (1.18 g, 5.0 mmol) in CH 2 Cl 2 (30 mL) were added 15% aq NaOH (15 mL), TBAHS (70 mg, 0.21 mmol) and prenyl bromide (1.5 mL, 2.5 equiv). The resulting mixture was stirred at rt for 4 h, the organic layer separated and the aqueous phase extracted with CH 2 Cl 2 (3 x 25 mL). The combined organic phases were washed with brine (3 x 30 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography Methyl 2-(1,3-dibenzyl-5-methoxy-2-oxo-2,3-dihydro-1H-indol-3 , method B: Preparation of 2-5methoxy-1,3-bis(3-methyl-2-buten-1-yl)-2-oxo-2,3- 
Methyl 2-1-benzyl-5-methoxy-3-(3-methyl-2-buten-1-yl)-2-oxo-2,3-dihydro-1H-indol-3-ylacetate (10c):

dihydro-1Hindol-3-ylacetic acid (11a):
A precooled (0ºC) solution of 10a (965 mg, 2.6 mmol) in MeOH (15 mL) was treated with 15% aq NaOH (3 mL) and the resulting mixture stirred for 1.5 h at 40-50ºC. The reaction mixture was cooled in an ice/water bath prior to quenching by the addition of 1 M HCl until pH ca. 1, followed by extraction with EtOAc (2 x 30 mL). The combined organic phases were washed with brine (2 x 20 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography (7:3 n-hexane/EtOAc) to give 11a as pale yellow oil (817 mg, 88% Benzyl-5-methoxy-3-(3-methyl-2-buten-1-yl)-2-oxo-2,3dihydro-1H-indol-3-ylacetic acid (11c 
2-(1,3-Dibenzy-5-methoxy-2-oxo-2,3-dihydro-1H-indol-3-ylacetic acid (11b):
2-1-
Typical lactonization procedure: Preparation of 5-methoxy-3a,8bis(3-methyl-2-buten-1-yl)-2-oxo-2,3,3a,8a-tetrahydro-8H-furo2,3-bindole (1a):
To a precooled (0°C) solution of 11a (893 mg, 2.5 mmol) in dry THF (25 mL) was added NaH (71.0 mg, 2.96 mmol), and the reaction mixture stirred for 10 min at rt. After cooling at 0°C, LiBHEt 3 (1.3 eq, 0.41 mL) was added, dropwise, and stirring continued at 60ºC for 5 h. The reaction mixture was cooled in an ice/water bath prior to quenching by adding brine, dropwise (5-10 mL). The organic layer was evaporated under reduced pressure and the residue treated with 5% aq HCl until pH ca. 7, followed by extraction with EtOAc (4 x 20 mL). The combined organic phases were washed with brine (2 x 30 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography 3a,8-Dibenzyl-5-methoxy-2-oxo-2,3,3a,8a-tetrahydro-8H-furo[2,3 
